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OSCILLATIONS IN TWD-PHASE, 

TWO-COMPONENT Ffxlbl 

By A. H. Storming* and T. N. Vezirogluf 

SUMMARY 

lkperiments with ab-water mixtures 

1 0 0 6  i- 

have been carried out t o  

determine the bouudaries of f l a w  oscUlatlon8 fo r  several ducting 

conflguratlons. The problem hos a lso  been studied analytically wlth 

t he  a id  of an analog computer, and a comparison of the  experimental and 

ana ly t ica l  results is presented. Over a wide range of the  var iables  

, t h e  density r a t i o  f o r  i n s t ab i l i t y  is  predicted 

of the osc i l la t ions  i s  predicted within 7% for 

cal values are available. 

INTRODUCTION 

Osc i l le t ion~,  in two-phase flows, with and 

within 30%. The frequancy, 

the  cases where theoreti-  

without boiling, have 

been observed in many systems in which a gas is mixed with a l iquid,  o r  

a l iqu id  is vaporised c1, 21. Equipment displaying these oec i l la t ions  

itvCfrequently too complex t o  permit comparison of the observed behavior 

with theory, and in consequence a great deal of experimental information 

has been gathered which cannot be correlated. 

The objective of t h i s  investigation was  t o  study two-phase flow 

osc i l la t ions  i n  an extremely eimple flaw configuration. A two-componemt 

two-phase f low system offers some experimental advantages over a one- 
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component two-phase f low system with boiling elncg the  flow rate of 

each phase can be independently controlled and measured, and the  uncer- 

tainties of boiling heat t ransfer  are avoided. A i r  and water were 

selected a8 the components. 

ANALYSIS 

The geometry of the  model used f o r  the  theore t ica l  inmst iga t ion  

was @hilar t o  the experimental test  aection, and I s  e h m  in Figure l(a)* 

Liquid (water in t h i s  case) f lows through an entrance duct and a valve to 

a mixer which simulates a boiler .  I n  the mixer a gae (air) is bubbled 

in to  the l iqu id  through a porous tube at  a constant rate. 

flow8 through an exit  duct and out of an or i f ice .  

The mixture 

The t o t a l  pressure 

drop across the system is constant and gravi ta t ional  effects are neglected. 

For analysis, the system was broken up into four e e ~ ~ l e n t s ;  one for 

the inlet ducting including the inlet valve, two equal segments f o r  the 

m i x e r  section and one f o r  the exit ducting. The number of segments was 

l imited to four by t h e  non-linear components available i n  the analog 

computer used, an EA1 TR-48, but previous s tudies  of lumping accuracy 

showed t h i s  number t o  be sat isfactory for t he  density r a t i o s  used. 

The assumptions and method of analysier were similar t o  that employed 

i n  c33. Lumped continuity equations were writ ten fo r  each segment, and 

the overal l  pressure drop was  represented as t he  sum of the  component 

pressure drops and the pressure drop required t o  accelerate the  f l o w  

during osci l la t ions.  

in the mixer and duct was assumed t o  be constant during t h e  osci l la t ions.  

Homogeneous flow was  assumed, and the gas density 
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Continuity 

For the nth lump, as shown in Figure l(b), the continuity equation 

may be approximated as, 

where p is density, U flow velocity, A f l o w  area, V the segment 

volume and t is time. The mass of the injected gaa is neglected, 

since it was less than 1% of the liquid mass f l o w  r a b  in the experiments. 

Dividing both sides of equation (1) by p 1  U l s  A,, where p1 is 

the liquid density, AI the cross-sectional area and Uls the steady 

state velocity at the entrance to the mlxer, we obtain, 

UA U and u = - ( = - for uniform cross-sectional area) 
'Uls A1 U l S  

Normalizing Vn with respect to the m i x e r  volume V,,, end 

introducing a normalized time T, equation (2) becomes, 

V L where v = - ( - for uniform cross-sectional area) 
vm 4n 
2 U  A 

and T I  1s 1 t ( - 2L~ t for unworn cross-sectional area) 
vm L, 



rince rl = 1 and = 1, 

Asru~aing %kat the gar 18 introduced Fnto the liquid at a conrhult 

rate and unifomily along the iixbr, the following vel- flew rata 

,- 

relationehip is obtained for the ~x~gmentr 1 uuf ?I 

'n+l 'n+l Un An Qn 

where l r  the volume r a k  of gas InJectlon into tho nth mgment. 

Dividing both sides of equation ( b )  by U,, %, 

%+lo % Ir qn 

(4) 

where q = a, the normalised volume rate of ea8 introducticm. 
'lie "1 

In our particular case, rince the two mixer regsrentr are of o q w l  

10% 

From equation8 (5) and (6 ) ,  the equations applicable to the individual 

mixer repents  are given by, 

u 2 - u i g c b  

and u3 u2 - qo 



The correspondhg equation for  the aegwnts 0 end 4, would 

yield u l - u o - o  ( 9 )  

and u4 - u3 = 0 (10) 

minee no gae i s  introdwed into those aegmmtr and gaa oolaprerrlbility 

is neglsoted. 

ElinFnating 9 and u3 betmen equrtionrr (7), (8) urd (lo), 

O& - ul - 290 

A t  steady state, 

Ule - 1 
1 

and 

where rb8 l a  "he overall density ra t io .  Hence equation 

the following relationship between % and rkrr: 

1 1 
q o - -  - 2 2rb 

1 
r4s = 1 + 2% 

or 

U) y ie lds  

Pressure Drop 

I n  calculating the t o t a l  pressure drop, the  systaa was divided 

into three sections - t h e  first consisting.of the entrance ducting and 

inlet valve where there is no density change (Beeplent 0), the second 

consisting of the  mixer and the exit ducting where large density and 

veloci ty  changes take place (segments 1 through 3) ,  and the  third being 

the e x i t  or i f ice .  
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For an incompreseible liquid, the pressure drop (Po - P1) acrom 

the segment 0.18 the 8um o f  the frictional pressure drop in  the ducting, 

the pressure drop acro88 the Inlet valve and the inert ial  prersurr drop, 

1.8.) 

where the coeffiaient KO! l r  a f'unctlon of the inlet duoting oonftgura- 

tion and roughness, the coefficient KO" a f'unctlon of the valve apsalng, 

and the length Li the equivalent length for the i n l e t  duoting. The 

equivalent length Li is given by, 

&err C -?L is cnmsned for a l l  the entranoe duotlng. 
A 

S l n ~ i l a r l y ,  for a constant cro8e-sectlonal area mixer and oxit  

ducting the pressure drop is, 

- 4, - Friotlonal Preemre Drop + Moment- Prsssu~ Drop 

+ Inertial Preeme Drop 

& - Mixer length plus exit  ducting length, 



7 

. 

f,,,,, - Effective coefficient of f'riction for tho a-r and 

O x i t  dttotlng, 

and Dme - Hydraulic diameter for tho mixllr and oxlt duotlng:. 

The preemre drop a c r o ~ a  the exit ortfioe i o  expmrmd by tho equation, 

aee\rahg that a relationehip of thie typo La sk%l l  umfol fur %~~.ghrH 

flow.  

Let UI now nonnalice the preasure drop equations wtth roupoot to 

ths rteadp state presarre at rtation 1, Pis. Dividing equation (kk) 

by PIS, and normalialng U1, 

P where p = -  
P l s  

!l A 1  u1 
and ul'-=- 

% S A 1  uls 

Introducing the nonnalirasd time T and nornalieing Li with respeet 

t o  the mixer length &, equation (17) reduces to, 

where the normalised length o f  inlet ducting i a  given by, 



T 

I -  

, -  

I .  

and the dynamic pressure normalized with respect t o  PI@, i r  defined an, 

A t  steady state, equation (18) yields, 

Dividing equation (IS) by Pis, and rearranging, 

where the  normalited exit ducting length is defined 8 8 0  

Exit ducting length, Lg 
= Mixer Length, 411 

A t  steady state, 

- 
equation (21) yie lds ,  
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Substi tuting equation (22) i n  ( 21), 

Similarly t h e  normalized form of equation (16) becomes, 

Summing up equations (20), (23), and (24) and thereby eliminating 

the variables pl and p4, the t o t a l  normalieed pressure drop acr088 

the system becomes, 

(25) 

Noting tha t  p'd << 1, r4, 

drop a c r o s ~ ~  t h e  exit  o r i f i ce  compared t o  t h a t  of the mixer and exit 

ducting ( i . e . ,  pks M l), equation (25) reduces to ,  

1 and asenuning a r e l a t ive ly  large pressure 



I -  

* 

Dividing both s ides  of  equation (26) by the normaliced constant pressure 

drop acros8 the system, po - p ~ ,  

where y = - 'lS, the pressure drop fraction a t t r ibu tab le  to the - ps 
2 

upstream aide, and pd = 'I.' , the dynamic pressure normaliaed with 
Po - ps 

respect t o  the  overall  pressure drop. 

The analog computer block diagram f o r  scaled version8 of the 

equatfone (3), (7), (a), ( 9 ) ,  ( lo) ,  (131, and (27) l e  a h o h  in  Figwe 2. 

The conventional symbols are used fo r  oomponenta w i t h  A denoting 8 

11u~mner, I an integrator, PI a multiplier, D a divider,  X2 a 

squarer, P a coeff ic ient  potentiometer, In an inverter and S a 

oonstant voltage source. In accordance with t h e  block diagram, the 

above equations were then programmed for an MI TA - 48 Analog Computer. 

The equations were not l inearised. 

General S t ab i l i t y  Study 

As seen from the equations ( 3 ) ,  (7), ( 8 ) ,  (9), (lo), (131, and (27), 

there are five variables governing s t ab i l i t y ,  namely the nonnaliced i n l e t  

ducting length 1, = Li/L,,,, t h e  normalimd e x i t  ducting length 1, - Le&,,, 
t he  steady e ta te  overall  density r a t i o  rhB.- P J , ~ / P ~ ,  i n l e t  pressure drop 

f r ac t ion  y = - 'le, and t h e  normalized steady a t a t e  dynamio pressure 
Po - ps  

2 
. The computer block diagram (Fig, 2)  shows t h a t  it is (. p 1  uls 

pd Po - Ps 
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convenient t o  fix the values of 1 i, I e, pd and y, and to  vary ttm 

overall  deneity r a t i o  rbs t o  obtain the onaet of i n s t a b l l i t y  since rbr 

can be controlled by means of one potentiometer only wi th  no other 

adjuatments needed, 

t he  parameter rha was varied to obtain i t a  value at  t h e  stability 

boundary while the remaining variables were kept constant. The onaet of 

bs tab l l l ty  wa8 dotemined by observing an osaillosoope image of density 

(or  velocity) voltage a t  one of t h e  stations,  usually the s ta t ion  at  t h e  

end of the mixer, and adjusting the density ratio rha till small oaci l la-  

t i ons  were bare4 vis ible .  No hysteresis e f f ec t  was noted, tha t  is the  

s t a b i l i t y  boundary was the same when approached from the s tab le  or 

unstable eides. 

The values of ji used were between 0.5 and 8, 1, between 0.2 and 5, 

1/rbs between 3 and 13, 7 between 0 and 0.26, and pd between 0 and 0.03. 

These values were aslected to cover the range of parameters encountered 

in  the air-water experiments. 

through 11, 

curve i e  stable. 

Consequently, during each seriea of computer run6 

Altogether 57 ser i se  of computer runs were carried out. 

The results are p lo t ted  in Figures 3 

The region above each e m  is unstable, and below each 

DISCUSSION 

Figure 3 rhous the relationship between the overall  density r a t i o  

P1/~4s(l/rbs) and the normalized inlet ducting length ,!, a t  the stabi- 

l i t y  boundary for  d i f fe ren t  values of t h e  i n l e t  pressure drop f r r c t l o n  

y w i t h  pd constant and equal to 0.015, and ,!, constant and equal t o  1.5. 

With the exception of a small counter-trend f o r  low values of l i  a t  

y - 0.13, increasing the  length of the  i n l e t  ducting increases the  range 
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of density r a t i o s  f o r  which the system is stable. 

Inertia (and henoe the resistance t o  f l a w  change@) of t h e  sy8teW 

increasee with ti, this trend IS not  eurprising. 

Since the fluid 

fn Figure bJ the effeut of exit ducting length (, on stability ir 

shown for  pd - 0.015, ,Pi = 4.5. The range of  s t ab le  don8ity r a t io0  

decreaaear as the  exit duct length is increased, approaching a different 

auymptotic value fo r  very long ducts a t  each value of p. This dortabl- 

Using e f f e c t  is caueed by the  transport  tims delay in density ahanger 

between the end of the xabr and the o r i f i ce .  

Figure6 5 through 11 show the s t a b i l i t y  maps - t he  r e l r t l oa rh ip  

between pl/pband pd a t  the s t a b i l i t y  boundary - f o r  various coorbkrrtionr 

of I,, le and p. The parmeter  pd en ters  the equations as a factor in 

the  effective f l u i d  iner t ia ,  and hence an increase in pd helps t0 ehM.-  

l i ee  the system. 

value& of pd is unexpected and may be a conaequence of wall cunulatlvo 

error8 in the computer. Increasing t h e  i n l e t  eide pressure drop a l w a y 8  

helps to s t a b i l i z e  the system, due t o  the  damping effeut on f l o w  change.. 

The small deatabil iaing trend sometimeti found at  low 

EXPEBIMENTAL PROGRAM 

The air-water two-phaae flow test sect ion i 8  sham in Figure 12. 

It G ~ d . 8 b d  Of 8 surge tank, m e t  ducting, inlet  V d m ,  R i x b r ,  Outlet 

ducting and t h e  exit o r i f i ce .  Water entered the test-aection from the 

surge tank a t  pressures up to 40 p8ig and flowed through the  inlet 

ducting and inlet valve i n to  the inner tube of the mixer. 

surimd air supplied to the jacket of the mixer seeped through the  porous 

bronze inner tube and bubbled i n t o  t he  water. The two-phase nFxture then 

flawed through the o u t l e t  ducting and out of the rounded e x i t  o r i f i ce .  

The pres- 
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The pressure drop across the  walls of t he  porous bronze tube was so 

large (about 40 p s i )  t h a t  t h e  air  f l o w  rate was insensi t ive t o  osc i l la -  

t i ons  i n  test section presaure. 

The surge tank damped out any f luctuat ions in the water eupply and 

provided Q constant pressure drop a c r o ~ a  %he test section, while the 

inlet valve was used t o  control the i n l e t  presaure drop. The exi t  duct 

waa made of clear l u c i t e  tube f o r  oberrvation of the two-pbam flow and 

t he  osc i l la t ions .  It wa8 prepared i n  several  lengths up t o  22 incher 

with an inner diameter of 5/8 inch, the same as t h a t  of the porous bronze 

tube i n  t h e  mixer. 

o r i f i c e  pieces were constructed w i t h  1/8 inch, 3/16 inch and 1/4 inch 

diameter norslea. 

To atudy the e f f e c t  of o r i f i c e  site, three exit 

Figure 13 is a sketch showing t h e  complete experimental set up and 

t h e  instrumentation. A i r  was supplied through the high pressure can- 

presesd air system In the  laboratory, which provided air a t  constant 

pressure, and water was circulated by a motor driven centr i fugal  pump. 

A i r  and water flow rates were controlled by a needle valve and a wedge- 

gate valve respectively. 

turbine type f l o w  meter and the  air  flaw rate by a Vol-0-Flow flowmeter. 

Bourdon type Heise pressure gages were uaed t o  measure t h e  pressures 

along the  inlet ducting, in the a i r  jacket and a t  other s t a t ions  as indi-  

cated i n  the sketch. 

t ions,  two G i a n n i n i .  pressure transducers were placed a t  the  upstream and 

downstream sides of the l u c i t e  ou t le t  tubing. 

recorded on two chart  recorders, and fluctuations i n  water flow rate were 

a l s o  recorded on a chart  recorder. The maximum e r ro r  in measured density 

r a t i o  was estimated as 2 4%. 

The water flow rate was measured by a Pot te r  

To observe and record the two-phase f l a w  osc i l la -  

These pressures were 
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I n  experiments t o  determine t h e  onset of osc i l la t ions  and the 

influence of t h e  parameters affect ing the osc i l la t ions  a i r  WAS firrt  run 

through the s y s t e m  a t  a l o w  f l o w  rate, and then the water pump wa8 started. 

Thi8 prevented water from entering the  a i r  jacket.  

After th i s ,  the air flow was increamed in 818pll step8 till tha on-% 

of two-phase flow osc i l la t ions  was observed. These o s c U a t i o n 8  oould 

be obsemed visually through the l u c i t e  ou t le t  tubing and el80 on the 

pressure recorders. A t  the s t a b i l i t y  boundary, reached from the stable 

region as described above, room temperature, barometric pressure, air 

and water flow rates and the pressures a t  various s ta t ions  were recorded. 

Then the a i r  f l o w  rate was further increased t o  operate in the unatabla 

region and t o  obtain chart  recordings of the pressures for frequency 

calculations.  

readings were taken, 

boundary was reached from the  unstable region. A new set o f  readings 

waa also taken a t  t h i s  stage. Experiments were repeated by varying t h e  

inlet preesure drops f o r  each length of ou t l e t  ducting and each orifice 

size. 

I n  addition, t he  temperature, mean f l o w  and mean pressure 

After t h i s ,  by reducing the air f l o w  t he  stability 

A well-mixed bubbly f l o w  was observed i n  the  t e s t  section a t  steady 

When the s t a b i l i t y  boundary w a s  crossed, t h e  water state operation. 

flow rate immediately began t o  osc i l l a t e  with an amplitude roughly 

of t he  mean flow rate (Fig. 14) and a l te rna t ing  bubbly slugs containing 

mostly air  or mostly water were observed in the l u c i t e  duct. 

t h e  mean water f low rate or increasing the  a i r  flow r a t e  t o  move fur ther  

into the unstable regime produced some increase i n  the amplitude of t h e  

Reducing 



water f l o w  osct l la t ions,  but l i t t l e  change In frequency. 

rate was unaffected by the osci l la t ions,  and the pressure i n  the t e a t  

section oaci l ls ted with a maximum amplitude of approxlmately 1 pr i .  Tho 

frequency was of the order o f  1 cps. Except f o r  the l/&" orlfioo, the  

pressure drop in the  mixer and duct wa8 1SSS than 5% o f  the  ovorall 

p r e s m e  drop. 

The air  f l o w  

To oheak the  validity of  the r r s ~ p t i o n  nado Ln the malyri.8 that 

the  usual o r i f i c e  equation (Equation (16)) appllcablo t o  single-phaw 

fluld flow is also good f o r  two-phase flow with the o r i f i c e  uicer urd  

in  the  experiments, a set of steady flaw experiments waa carried out. 

I n  these experiments, air and water mixtures were 

o r i f loo  at  steady state and the a i r  and water flow rates and the orlflao 

preeaure drop were recorded. 

through each 

Ekperimental Rssul.ta 

The remilts of the experiments t o  determine the ciroumtPnaer undor 

whiah equation (16) is valid, are  plot ted In Figures 1s through 17 for 

each o r i f i c e  a i m  as the mean two-phase veloci ty  at s ta t ion  b, Uts,  

v e r m ~  orifice pressure drop divided by wixture density a t  exit, A%. 

The o r i f i c e  equations obtained from the bes t  l i n e  through the experlmen- 

p4a 

tal points are given in the Figures. 
equation (16), UbS l a  proportional t o  (-) Apor 0.5 

For the conventional o r i f i c e  

PlrS 

As seen from t h e  Figures, the 1/81' diameter o r i f i ce  had a f l o w  

charac te r i s t ic  close t o  the assumed re lat ion,  w i t h  an exponent of 0.485 

instead of 0.5. 

t h e  assumed relat ion,  wi th  an exponent of 0-474. 
The 3/16" diameter o r i f i ce  a lso  gave fair agreement wlth 

The departure from the 
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assumed re la t ion  was l a rges t  Fn the case of the 1/4" diameter o r i f i c e ,  

8 

Consequently, it would be expected that the beet agreement between 

theory and experiments would be obtained with the two d l e r  or i f ices .  

The results of the s t a b i l i t y  boundary experiments are plot ted i n  

Figures 18 through 28 as the overal l  density r a t i o  ( l iqu id  density 

divided by the mixture density at e x i t )  versus the inlet pressure drop 

f rac t ion  ( i n l e t  pressure drop divided by the total pressur. drop) at th. 

onset of the osc i l la t ions  and a160 during the osc i l l a t ions  for variour 

ou t l e t  duct lengths and o r i f i c e  sizes. 

There is no distinguiahable hysteresis  e f fec t .  Although there l a  

somb sca t te r ing  of points a t  the  boundary, it seems t h a t  the e a m  man 

boundary is obtained whether approached froin t h e  s tab le  or unsttbb 

regions. A l l  the points  corresponding t o  unstable operation ham a 

higher overal l  density r a t i o  f o r  a given y than the  points  a t  the 

s t a b i l i t y  boundary. 

Heasurements of the  osc i l la t ion  frequenay were laado near the rtabi- 

l i t y  boundary, and t h e  results of these measurements are p lo t ted  in 

Figure 29 in dimensionless form as 

of y, where 6 is the time period of the osci l la t ion,  be t he  t o t a l  length 

of mker plus exit duct, Ube the  mean velocity a t  t h e  end of the  exit 

duct , 

4u4, 
h e  
- veruus ,(,, f o r  d i f fe ren t  valuer 

Comparison of Experiments wi th  Theory 

On Figures 18 through 28, the s t a b i l i t y  boundary curves obtained 

from the analysis are  superimposed. 

po in ts  of  the theoret ical  curve were obtained from t h e  theoret ical  

s t a b i l i t y  maps (Figs. 6 through 1 2 )  corresponding t o  t h e  parameters 

The coordinates (l/rbs, y)  of the 
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( P I ,  le, pd) of t h e  experlmental points. The points so determined worn 

then plot ted on the corresponding Figures of t h e  experhent.1 result# t o  

obtain the theoret ical  curve8, The value of 1, for the apparatus was 

3.460 

The best experimental curve for the  s t a b i l i t y  boundary is  also 

drawn i n  each Figure, Them curves were obtalned by Joining the eaperl- 

mental pointu nearer t o  the stable reglon ( lee . ,  tho polntr com8pondlng 

t o  lower overal l  density r a t io8  f o r  a given Inlet preesurs drop f rao t lon)  

Inatead of  drawing them through the man of all the  boundary poi.ntsD This 

was done b c a u m ,  a8 explained above, t h e  s t a b i l i t y  boundary depends on 

the detection of amall osci l la t ion8 by the observer. It 1s therefore 

expected that dus to human e r ro r  some of these Wboundary” points  may really 

be in t he  unatable region and the true e t a b i l i t y  boundary is probably the  

lower envelope of all the onset measurements. 

no computer data wa8 available for 1, = 0, the corresponding ( l / rb8 VBFBUS y) 

analy t ica l  u r n 8  could not  be plotted in Figure 28. 

It should be noted t h a t  slnce 

I n  comparing the  s t a b i l i t y  theory and t h e  experimental resIiLts, the 

following observations oan be mader 

1. For emall  value8 of i n l e t  pressure drop f rac t ion  y (y < 0.08) the  

agreement between the theory and t h e  experiments i s  good. 

divergence i e  less than 5 10%. 

For values of i n l e t  pressure drop f rac t ion  y between 0.06 and 0.16 

the divergence i s  greater - up t o  308, t h e  theoret ical  prediction of 

s t a b i l i t y  boundary being conservative; i . e . ,  the actual  systems are 

more stable than Indicated by the theory. 

s l i p  between the  gas and liquid, which I s  neglected i n  the analyaie, 

The 

2, 

This could be caused by 



but there is no reason t o  expect s l i p  effects t o  be more important 

i n  t h i s  region than a t  mal1 values of y. 

actual  o r i f i c e  character is t ics  from the  theoret ical  equation tendo 

t o  s t a b i l i t e  the system. 

The theoret ical  and experimental s t a b i l i t y  curves meet a t  e value 

of i n l e t  presaure drop fract ion y around 0.16, and fur ther  clorruro 

of the inlet valve does not change the  deneity r a t i o  at whiob 

i ne t ab i l i t y  occurs. Thia behavior is a t  variance w i t h  the thsoro- 

t ical  curves, which continue t o  show aome increase in 8 tabLl i . t~  with 

increasing ye 

valve f o r  t he  higher values of in le t  pressure drop, producing 8 

vapor cavity which docoupled the  valve f l o w  from the flow oaci l la-  

t ione i n  the t e s t  section. A similar phenomenon was observed In a 

Freon boil ing rig when cavitation occurred between the  Inlet valve 

and the boiler. With the  1/4n or i f ice ,  the minimum value of y 

a t ta inable  was  0.10, due t o  the r e l a t ive ly  large effect of inlet  

piping losses  with t h i s  configuration. I n  consequence, it uae not 

po8eible t o  compare theory and experiment in t h e  region of ywhere 

agreement was goad f o r  the  1 / 8 n  and 1/41’ or i f ices .  

boundary was completely insensit ive t o  y for  the l/hn or i f ice ,  and 

eince t h e  water f low rate waa greatest  and the water preasure lowest 

(about 10 psig) f o r  t h i s  configuration, i n l e t  valve cavi ta t ion was 

most l i k e l y  to  occur w i t h  the 1/4” or i f ice .  

Analog computer measurements of predicted oec i l la t ion  frequency were 

made only fo r  t he  case of zero i n l e t  pressure drop, and these predictions 

are shown on Figure 29. 

The departure of the 

3. 

It i a  poaaible that cavitation occurred i n  the I n l e t  

The s t a b i l i t y  

Agreement w i t h  the experimental data is excellent, 



with a laaxhum er ror  of 7% i n  the predicted frequency. 

Inlet pressure,drop has t h e  e f fec t  of increasing the  dimeneionless time 

period of the osci l la t ions,  due to  the  longer p a r t i c l e  residence t h e  

which acccnnpanlee the increased density r a t i o  a t  the stability boundary. 

Increasing tho 

CONCLUSIONS 

The asswed model of t ransient  f low behavior reproduces the major 

features of two-phase flow i n s t ab i l i t y  In  a 8hplO air-water system. 

Further work on t h e  detai led flow pat te rn  in the  t e a t  section is 

neceeaary t o  improve the accuracy of t h e  theore t ica l  s t a b i l i t y  boundary. 
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APPENDIX - SPMBOLS 
A 

D 

f 

K 

R 
L 

P 

P 

I 

r 

t 

T 

U 

U 

v 

v 
Y 

8 

P 

flow area 

hydraulic diameter or diameter 

coefficient of friction 

pressure drop constant 

normalized length 

length 

normalized pressure 

pressure 

normaliced volume rate of gas injection 

volwmt rate of gas injection 

density divided by liquid density 

time 

normalized time 

nonnalieed volume flow rate or nonarlised rslocity 

velocity 

nonnalieed volume 

volume 

normalited upstream pressure drop 

period of oscil lations 

density 



21 

Sub8crip ts t 

d 

e 

me 

n 

or 

6 

dynamic 

exi t  ducting 

inlet ducting 

mixer 

mixer plua e x i t  ducting 

number of lwnp or station 

orif  ice 

steady state 
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